ABSTRACT Diolcogaster facetosa (Weed) attacks young green c1overworm larvae in the eastern United States. Development of D. facetosa from oviposition to adult emergence takes 2.5 weeks at constant 30°C to 4 weeks at constant 21°C. Females require ca. 1 day longer than males to complete pupal development at each of four temperatures tested. This solitary parasite passes through three larval stages and emerges from its host through the side of the third, fourth. or fifth abdominal segment; the host dies in the fifth or sixth stadium. Parasitized green cloverworm larvae leave the plant and wander on the substrate before parasite emergence. White cocoons are formed by D. facetosa at or slightly below soil level. Young green c1overworm larvae drop from foliage upon disturbance and hang on silken threads several centimeters below the leaf. Adult D. facetosa females can detect these threads and slide down them to oviposit in the suspended larvae. This behavior of the parasite, the fact that only early instars of the green c1overworm consistently drop on threads, and the inability of the first instar's thread to support the weight of the parasite during descent collectively indicate that under field conditions the most successfully parasitized green c1overworm hosts of D. facetosa are second and third instars. The biology of D. facetosa is compared with the biologies of the two other braconid species most frequently associated with the green ~loverworm. Vol. 79, no, 6 Adult parasites were held in paper cartons (0.5 liter) covered with clear plastic wrap and were provided 10% aqueous honey solution, To obtain parasitized hosts, mated female parasites were placed in rearing cages containing V 4-V6 stage soybean plants with 20-25 second-or third-instar green cloverworms. Parasites were returned to pa per cartons after 3-6 h, and the hosts were reared as described above. Parasites used to maintain the colony or for behavioral observations were reared at temperatures of 24 ± 1°C and a photoperiod of 15:9 (L:D). Those used in developmental rate stud ies were reared at constant temperatures of 21, 24, 27, and 300C (all ± laC) and a 15:9 photoperiod. Temperatures were chosen to represent a range of those that occur in Kentucky when D. facetosa is active.
THREE INDIGENOUS braconids. Cotesia margm~ ventris (Cresson), Rogas nolophanae Ashmead, and
Diolcogaster facetosa (Weed), are Widespread members of the guild of parasites that attack young larvae of the green cloverworm. Plathypena sca bra (F.) , in the eastern United States (Harper et aL 1983) . In some areas, C. marginiventris is the predominant braconid attacking the green clover worm , McCutcheon & Turnipseed 1981 , while in other areas R. no lophanae is more abundant (Lentz & Pedigo 1974) . In Kentucky. all three species generally account for similar percentages of green clover worm par asitism on soybean, although their relative abun dance varies slightly among years and seasonally within years (Sloderbeck & Yeargan 1983) .
The biologies of C. rnarginiventris and R. no /ophanae have been reported (Boling & Pitre 1970 . Lentz & Pedigo 1974 . but published biological information on D. face tosa is lacking. We report herein developmental periods, age-specific measurements of larvae. lar val emergence and pupation behavior, and mating behavior of D. facetosa. We also describe the de fensive responses of green c1overworm larvae to disturbance and the unusual ovipositional behav ior of the parasite. Finally, we deduce the . host instars most probably attacked in the field.
Materials and Methods
A colony of D. facetosa was initiated in 1984 and supplemented in 1985 with field collected adult parasites and those reared from green clover worms collected from soybean in Fayette County, Ky. Similarly. a colony of green cloverworms was initiated and periodically augmented by collecting moths from those soybean fields during 1984 and 1985. Green clover worm moths were maintained in a greenhouse in screened cages (0.7 [length] by 0.5 [width] by 0.5 [height] m). Moths were supplied 10% aqueous honey solution and stale beer. A sin gle potted soybean plant (growth stage V 4-V6 [Fehr & Caviness 1977] ) was placed in each cage as an ovipositional substrate. plants with eggs were removed at intervals of 1 to 3 days, replaced with new plants, and transferred to a growth chamber kept at a constant temperature of 24 ± l°C to allow green cloverworm development. Larvae were confined to individual plants during development by enclosing each plant in a cylindrical, clear acrylic tube (10.5 cm diam by 35.0 cm high). These tubes (rearing cages) were ventilated by two screened holes (4.5 cm diam) and the tops were covered with plastic petri dishes. Host plants were replaced as needed.
Adult parasites were held in paper cartons (0.5 liter) covered with clear plastic wrap and were provided 10% aqueous honey solution, To obtain parasitized hosts, mated female parasites were placed in rearing cages containing V 4-V6 stage soybean plants with 20-25 second-or third-instar green cloverworms. Parasites were returned to pa per cartons after 3-6 h, and the hosts were reared as described above. Parasites used to maintain the colony or for behavioral observations were reared at temperatures of 24 ± 1°C and a photoperiod of 15:9 (L:D). Those used in developmental rate stud ies were reared at constant temperatures of 21, 24, 27, and 300C (all ± laC) and a 15:9 photoperiod. Temperatures were chosen to represent a range of those that occur in Kentucky when D. facetosa is active.
The period required for egg/larval (combined) and pupal development of D. facetosa was ascer tained by observations made at 12-h intervals (0800 and 2000 hours EDT) to determine time of cocoon formation and adult emergence. Estimated time of occurrence for these events was the midpoint of the interval (between observations) during which the event occurred, Cocoons were imediately transferred to plastic cups (30 ml) and held indi vidually until adult emergence, when the sexes of the parasites were determined. Contents of co coons from which no parasites emerged were de termined by dissection. Only those parasites that became adults and emerged from the cocoon were included in calculations of required periods for egg/larval or pupal development. Developmental periods for males (egg/larval and pupal) were compared with those for females at each temper ature. Student's t test was used to detect Significant differences.
Green cloverworm second instars were parasit ized and reared at 240C to obtain specimens for measurements of D. facetosa larval stages, These host larvae were then dissected at 24-h intervals until at least three parasites were obtained for each interval.
Newly emerged unmated female paraSites «3 h old) were placed in paper cartons (O,S liter) and provided 10% honey solution. Males were then placed in the cartons and observations of mating behavior were recorded.
To determine which green clover worm instars could support development and survival of D. fa cetosa, female parasites (3-7 days old) were caged with equal numbers of host instars one through five for 4 h. Ten females were caged individually with two of each instar; nine females were caged individually with five individuals of each of the five instars. Thus, 19 female parasites and 65 rep resentatives of each of the first five ins tars of the green cloverworm were used. Larvae were placed on plants 30 min before introduction of parasites. Soybean plants used during the exposure period (growth stage VS) were trimmed so that only the unifoliolate and the two upper trifoliolate leaves were present. After the exposure period, parasites were removed and larvae were sorted, combined by instar, and reared at 24°C. Number of parasites that successfully developed in each of the green cloverworm instars was recorded, To distinguish which green cloverworm instars are most likely to be parasitized by D. facetosa, escape responses of instars one through six were assessed, and the strength of silk produced by first instars was tested. Defensive responses of green cloverworms were assessed by observing the re sponses of each instar to disturbance by fifth in stars of the spined soldier bug, Podisus maculiven tris Say. Soybean plants (stage V5) were trimmed so that only the fourth fully opened trifoliolate leaf above the unifoliolate leaf remained. Six individ uals of a given instar were placed on the trifolio late leaf (two per leaflet) and allowed to acclimate for 10 min. A fifth-instar P. maculiventris was placed then on the plant and responses of the lar vae to disturbance by the foraging predator were recorded. This procedure was repeated until ob servations were obtained for 36 larvae of each in star. Strength of silk threads produced by first in stars was tested by allowing 12 larvae to establish themselves on a stage V5 soybean plant, trimmed as above, within a rearing cage. One female par asite was then introduced and the ability of the thread to support the parasite during its descent was recorded. This was repeated with six different parasites for a total of 33 observations, Results and Discussion Parasite Development. Males and females re quired the same amount of time for egg/larval development; however, females required ca. 1 day longer than males for pupal development (P < 0.05) ( Table 1) . Overall development from ovi position to adult emergence ranged from ca. 2.S weeks at 30°C to 4 weeks at 21°C.
In the study of developmental periods, 117, 14S, 102, and 136 cocoons were formed at 21, 24, 27, and 300c, respectively. Percentage emergence of adults at those respective temperatures was 76. 1, 88.3, 83,3, and 23.5 , indicating an adverse effect of constant 30°C. Of the 104 cocoons that did not produce adults at 30OC, 70 parasites had died as adults inside the cocoons, and the remainder had failed to pupate after spinning cocoons, At the oth er temperatures, mortality of adults inside the co coons was lower than that of larvae.
D. facetosa requires more time to develop in the green cloverworm than does Cotesia margini ventris, which requires only 12.2 days at 300C and 16.5 days at 2SOC . The development rate of Rogas nolophanae, how ever, is more like that of D. facetosa; ca. 18 days were required for R. nolophanae to develop at uncontrolled temperatures ranging from 20 to 270C (Lentz & Pedigo 1974) .
D. facetosa passed through three distinct larval drop on a silken thread that they later ascend to the leaf to resume feeding. Older larvae generally do not produce the silken thread and simply fall to a lower part of the plant or to the ground. We used P. maculiventris nymphs as model predators to quantify this behavioral response.
Responses of green clover worm larvae to distur bance by foraging fifth-instar P. maculiventris varied among instars (Table 3 ). All of the first three instars dropped immediately from the plant when approached by fifth-instar P. maculiventris. How ever, some individuals of later instars responded by snapping the front part of their bodies at the predator, or by crawling away from the predator along the leaf margin. Individuals of older instars that did not exhibit dropping behavior were some times captured by the predator while those that immediately dropped from the leaf always es caped predation. The characteristic dropping be havior of first-to third-instar green cloverworms also was induced when the much smaller predator Orius insidiosus Say was substituted for P. ma culiventris (unpublished data).
Ovipositional Behavior. Female D. Jacetosa appear to search randomly for green cloverworm larvae on soybean foliage. However, the intensity of searching and antennation of the foliage in creases markedly when a female encounters feed ing damage caused by the green cloverworm. Al though host larvae occasionally are parasitized on • n 36 for each instar. h Two sixth instars fell without threads from the foliage while remaining impaled on the heak of a predator and were subse quently subdued on the substrate beneath the plant. the foliage, in most cases they drop on silk threads from their feeding sites when D. Jacetosa ap proaches. When that occurs, the female parasite locates the thread and grasps it with her tarsi. She then slides. head first, slowly down the thread to ward the suspended larva ( Fig. 1 ): Only one front tarsus and one hind tarsus (right or left) are in volved; tarsi on the same side of the body are used during a given descent. A descent may require several seconds, depending on the length of the thread; we recorded an average rate of descent of 0.5 cm/s (n = 21). When the parasite is within a few millimeters of the host, it quickly thrusts its abdomen forward in an attempt to oviposit. Ovi position is very rapid, requiring < 1 s, when it is successful on the thread. In some instances, how ever, the suspended larva and parasite drop to gether upon contact and grapple violently on the substrate below. If the parasite succeeds in ovi positing during this struggle, it returns to the fo liage to groom or resume searching. When the lar va escapes after a fall, however, the parasite may continue searching on the soil for a minute or more. Parasitized and unparasitized hosts return to the foliage and resume feeding shortly after an en counter with D. Jacetosa.
It is not necessary for the parasite to contact or see a host larva on foliage in order to detect its thread. Female D. Jacetosa can locate and de scend those threads even when the host is already suspended. This is noteworthy because young green clover worm larvae rest between bouts of feeding by hanging from threads beneath leaves (Pedigo et al. 1973) . Also, larvae may drop on threads when disturbed by other insects. such as predators. Pre sumably this hanging behavior, whether induced by disturbance or not, confers protection on young larvae by reducing the likelihood of detection by predators and parasites that forage on the surface of the host plant. This tactic is circumvented by the searching and ovipositional behavior of D. Ja cetosa.
No other parasite associated with the green c1overworm has been reported to have the ovipo sitional behavior that we describe for D. facetosa. We are aware of only one other species reported to descend the thread of its lepidopterous host. That species (Apanteles machaeralis Wilkinson), mentioned by Gould (1982) , also is a braconid; it occurs in India and attacks Hapalia machaeralis Walker. If this behavior is widespread among parasitic Hymenoptera, it apparently has not been widely observed.
Host Inslars Auacked. Parasite development and emergence occurred when any of the first five green cloverworm instars were exposed to D. fa cetosa females in the laboratory. Percent parasit ism of instars one through five, respectively, was as follows: 29.4 (n = 27), 46.8 (n "" 28), 48.2 (n "" 27), 51.4 (n "" 35), and 25.8% (n "" 31), where n is the number of parasite pupae plus surviving green cloverworm larvae of the original 65 larvae of each instar.
Although D. Jacetosa can develop successfully in the first five green cloverworm instars in cages, its thread-descending behavior suggests that the likely targets in the field are the earlier instars. In hundreds of observations, we have never seen the thread of a second-or third-instar green clover worm break during parasite descent. The silken thread of first instars, however, appears to be too fragile to support the parasite's weight during de scent. Of 33 attempted descents by six female par asites, 32 resulted in broken threads. One case of successful parasitism was observed while the first instar green cloverworm was still suspended from its thread. Two other larvae were parasitized after falling to the soil surface, and the remainder es caped parasitism. The combined behaviors of host and parasite indicate that under field conditions D. facetosa most successfully parasitizes second and third instars of the green cloverworm. Since fourth and fifth instars sometimes drop on threads (Table  3) , those instars also may be attacked occasionally by D. facetosa in the field. \ e. marginiventris usually oviposits in first-instar green cloverworms, sometimes in second instars, and never in older larvae . Being smaller, C. marginiventris might be expected to prefer a younger host than does D. Jacetosa or R. nolophanae (all three are solitary parasites). Lentz & Pedigo (1974) reported that R. nolophanae most often attacked third instars, al though younger or older stages were sometimes parasitized. D. Jacetosa most frequently oviposits in second and third instars, but may also attack other stages. Thus, these three species of braconid parasites overlap considerably in the green cloverworm instars that they parasitize. Further studie· are required, however, in order to determine il significant interactions occur among these species It will be particularly interesting to learn how C marginiventris and R. nolophanae overcome thE escape responses of young green cloverworm lar· vae. stages (Table 2 ). Hatching at 24°C was accom plished 2 days after oviposition. The caudate first instar had prominent mandibles and remained in that stadium for 3 days at 24OC. Second instars were first observed 6 days after oviposition at 24°C and had a conspicuous anal vesicle. Third instars were hymenopteriform and were present for only 1 day before emergence from the host at 24°C. Parasitized host larvae fed until ca. 12-24 h be fore parasite emergence. At that stage of parasite development, virtually all parasitized larvae left the host plant and wandered on the soil substrate. Parasite larvae emerged through the sides of the third, fourth, or fifth abdominal segment, but most frequently from the fourth (third, 13.0%; fourth, 57.4%; fifth, 29.6%; n = 54). Emergence occurred more frequently from the right side (63.5 versus 36.5%; n 52). Head-capsule widths of green clover worm larvae from which parasites emerged were 1.54 ± 0.13 mm (£ ± SD; n 52). Com parison with the measurements reported by Pe digo et al. (1973) suggested that D. Jacetosa larvae usually killed green c1overworms as fifth or sixth instars when those hosts were initially parasitized as late second or third instars.
Upon emergence, each D. facetosa larva began spinning a white cocoon, a process that required ca. 1.5 h. Cocoons usually were formed on the soil surface if no crevices or debris were present. Pro tected sites at, or slightly below, the soil surface were usually chosen if available. Both C. margini ventris and R. nolophanae pupate on soybean plants rather than at soil level. Aside from biolog ical considerations, that habit makes pupae of those two species conspicuous to individuals inspecting plants harboring green c1overworm infestations, while pupae of D. Jacetosa may be easily over looked.
Mating Behavior. In the presence of newly emerged females, males raise their wings and hold them at ca. 45° from horizontal and 45° posterior to lateral. Front and hind wings are vibrated in unison as the male either stands or walks about. The male may continue to keep the wings raised between bouts of fluttering or return them to their normal resting position. Periods of raised wing be havior by males varied from 5 s to 15.5 min non stop (n 21). In most cases this behavior lasted < 1 min. When within ca. 1 em of the female, the male orients by bringing its abdomen down and forward to attempt copulation. Copulation re quired ca. 30-40 s (n = 6). Only one female mated twice. Green Cloverworm Response to Disturbance. All instars of the green eloverworm react vigor ously when disturbed, except during the relatively brief periods associated with molting. Contact with another insect, inel uding other green clover worms, causes the larva to flip violently from the leaf on which it was feeding. Young larvae usually Table 2 . Description of D. jacetQsa upon dissection of host larvae at 24-h intervals when reared at 24"<: 5.29-6.04
1.21-1.51 11 5th (n 5) 5.88-7.01 1.38-1.58 3rd instar 12 5th (n = 4) 5.28-5.66 1.13-1.51
• Measured at widest part of body.
